Background {#Sec1}
==========

Breast cancer (BC), which had approximately 1.7 million new cases and 0.5 million deaths in 2012, has become the most common cancer type and the leading cause of global cancer death among females \[[@CR1]\]. In Chinese women, BC also holds the highest incidence, accounting for 15% of all new cancers and 7% malignancy deaths \[[@CR2]\]. BC is a complex heterogeneous disease. Both genetic and environmental factors are involved in the occurrence of BC \[[@CR3]\].

Estrogen exposure is a widely known risk factor for BC. And the interaction of estrogen with estrogen receptor (ER), which can alter the expression of downstream genes, plays an important role in breast cancer development \[[@CR4]\]. ER alpha (ERα) and beta (ERβ) are the main forms of ER. They were encoded by the gene estrogen receptor 1 (*ESR1*) and estrogen receptor 2 (*ESR2*) respectively. And evidence showed that genetic variants in these two genes were associated with BC susceptibility \[[@CR5]--[@CR8]\]. Polymorphisms in *ESR1* have been investigated in a number of studies. The pooled results demonstrated that the AA genotype of rs2228480 was correlated with a lower risk of BC in Caucasians. The C allele of the rs3798577 decreased BC risk in Asians while increased BC risk in Caucasians \[[@CR5]\]. The TT/TC genotype of rs2234693 was related to high risk of BC \[[@CR8]\]. In addition, meta-analysis of the relationship between *ESR2* polymorphisms and BC susceptibility showed that the polymorphism rs4986938 was associated with reduced BC risk in overall population under both dominant and heterozygous models \[[@CR6]\].

In the present study, four single nucleotide polymorphisms (SNPs) in the two estrogen receptor genes were selected to be studied. The effects of these SNPs (rs2881766, rs9383951, rs9340799 in *ESR1* and rs3020449 in *ESR2*) in BC risk in Chinese population were either seldom being explored or the conclusions were still controversial. Therefore, we conducted a hospital-based case--control study to explore the association of the four polymorphisms with BC susceptibility in Chinese Han women.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

BC patients treated at the Department of Oncology, the Second Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) were enrolled as cases \[[@CR9]\]. Women who came to the hospital for a checkup during the same period of time were recruited to form the control group. The cases were newly diagnosed and confirmed by histology or pathology. None of them had received chemotherapy, endocrinotherapy or radiotherapy before surgery. Patients with other types of cancer were excluded. The controls were healthy individuals without any history of a tumor or chronic diseases. All of the participants were Han population from Northwest China and have no relation to each other. Clinical information was collected from the medical records of the study subjects.

Sample collection and genotyping {#Sec4}
--------------------------------

Peripheral blood samples were collected in tubes coated with EDTA and were stored at − 80 °C. Genomic DNA was extracted from whole blood using the Universal Genomic DNA Extraction Kit (TaKaRa Bio Inc., Japan). DNA concentration was measured with the UV/VIS spectrophotometer (DU530, Beckman Instruments, USA). Four tag-SNPs (rs2881766, rs9383951, rs9340799 and rs3020449) were selected from The Single Nucleotide Polymorphism database (dbSNP). A multiplexed SNP MassEXTEND assay was designed by Sequenom MassARRAY Assay Design V3.0 Software (Agena Bioscience Inc., USA). And SNP genotypes was detected using Sequenom MassARRAY RS1000 \[[@CR10], [@CR11]\]. The primers of the selected SNPs were listed in Additional file [1](#MOESM1){ref-type="media"}: Table S1. Data was analyzed with Sequenom Typer Software (version 4.0, USA).

Statistical analysis {#Sec5}
--------------------

The Student *t* test and χ^2^-test were adopted to compare the differences in basic characteristics between cases and controls. Hardy--Weinberg equilibrium (HWE) for selected SNPs in controls and the differences in genotypes distribution between cases and controls were examined by χ^2^-test. We evaluated the associations of the four SNPs with BC risk in codominant, dominant, recessive, and overdominant models. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated by multivariate logistic regression, with adjustment for age and body mass index (BMI). All the tests were two-tailed and *P*-value \< 0.05 was considered statistically significant. Akaike's information criterion (AIC) and Bayesian information criterion (BIC) values were used to determine the best-fit model for each SNP. We then conducted False-positive report probability (FPRP) analysis to examine whether the significant results were noteworthy. The prior probability of 0.1 was set to detect the noteworthiness for OR of 1.50/0.67 and 0.25 was determined as a FPRP cut-off value as described in previous studies \[[@CR12], [@CR13]\]. All data were analyzed using SPSS software (version 22.0, IBM Corporation, USA).

Results {#Sec6}
=======

Basic information of the study population and SNPs {#Sec7}
--------------------------------------------------

A total of 1008 subjects including 459 BC patients and 549 healthy individuals were enrolled in this study. As shown in Table [1](#Tab1){ref-type="table"}, no significant difference was observed between the case and control groups in the distribution of age, menopausal status, procreative times and BMI. It suggested that the cases and controls in this study were matched adequately on basic characteristics. The basic information of the four SNPs was presented in Table [2](#Tab2){ref-type="table"}. The genotypic frequencies of all the selected SNPs in controls were in accordance with HWE. The frequency distribution of clinicopathological features in BC patients was shown in Additional file [1](#MOESM1){ref-type="media"}: Table S2.Table 1The basic characteristics of cases and controlsCharacteristicsCases (459)Controls (549)*P*-valueAge (mean ± SD)49.09 ± 11.0248.80 ± 8.280.610*Menopausal status*0.376Premenopausal237267Postmenopausal222282*Procreative times*0.657\< 2242298≥ 2217251BMI (kg/m^2^, mean ± SD)23.06 ± 2.9222.45 ± 2.530.274*BMI* body mass index Table 2The basic information of selected SNPsRs numberGene symbolAlleleChromosome positionMAF*P* ~HWE~rs2881766*ESR1*G/TChr6:1517979840.4520.556rs9383951*ESR1*C/GChr6:1519744780.0680.662rs9340799*ESR1*A/GChr6:1518422460.2810.797rs3020449*ESR2*C/TChr14:643066740.4840.501

Association between *ESR1* and *ESR2* SNPs with BC risk {#Sec8}
-------------------------------------------------------

Among the three *ESR1* polymorphisms, rs2881766 was found to reduce BC risk under homozygous model (GG vs. TT: OR = 0.63, 95% CI = 0.44--0.91) and recessive model (GG vs. TT/GT: OR = 0.68, 95% CI = 0.49--0.95). The model with the lowest AIC and BIC values was considered as the best-fit model. For rs2881766, the recessive model might serve as the best-fit model. The other two SNPs (rs9383951 and rs9340799) were not related to BC susceptibility. As for the *ESR2* polymorphism rs3020449, an increased risk of BC was found in heterozygous model (CT vs. TT: OR = 1.58, 95% CI = 1.21--2.06), dominant model (CT/CC vs. TT: OR = 1.54, 95% CI = 1.20--1.98), and overdominant model (TT/CC vs. CT: OR = 1.48, 95% CI = 1.15--1.90). And the AIC and BIC values suggested the dominant model may be the best-fit model for rs3020449 (Table [3](#Tab3){ref-type="table"}).Table 3The associations of *ESR1* and *ESR2* polymorphisms with breast cancer risk (adjusted by age and BMI)ModelGenotypeCases (n, %)Control (n, %)OR (95% CI)*P*-valueAICBIC*rs2881766*459549CodominantTT173 (37.7%)178 (32.4%)1.00------GT218 (47.5%)260 (47.4%)0.87 (0.66--1.15)------GG68 (14.8%)111 (20.2%)*0.63 (0.44*--*0.91)0.046*1387.91412.5DominantTT173 (37.7%)178 (32.4%)1.00------GT/GG286 (62.3%)371 (67.6%)0.80 (0.62--1.04)0.0911389.21408.9RecessiveTT/GT391 (85.2%)438 (79.8%)1.00------GG68 (14.8%)111 (20.2%)*0.68 (0.49*--*0.95)0.022\**1386.91406.5OverdominantTT/GG241 (52.5%)289 (52.6%)1.00------GT218 (47.5%)260 (47.4%)1.02 (0.79--1.30)0.91392.11411.7*rs9383951*458549CodominantGG379 (82.8%)442 (80.5%)1.00------GC76 (16.6%)102 (18.6%)0.89 (0.64--1.23)------CC3 (0.7%)5 (0.9%)0.77 (0.18--3.28)0.741391.71416.3DominantGG379 (82.8%)442 (80.5%)1.00------GC/CC79 (17.2%)107 (19.5%)0.88 (0.64--1.22)0.451389.81409.4RecessiveGG/GC455 (99.3%)544 (99.1%)1.00------CC3 (0.7%)5 (0.9%)0.79 (0.19--3.35)0.751390.31409.9OverdominantGG/CC382 (83.4%)447 (81.4%)1.00------GC76 (16.6%)102 (18.6%)0.89 (0.64--1.24)0.481389.91409.5*rs9340799*459549CodominantAA289 (63%)349 (63.6%)1.00------GA144 (31.4%)179 (32.6%)0.97 (0.74--1.27)------GG26 (5.7%)21 (3.8%)1.44 (0.79--2.62)0.441392.51417.0DominantAA289 (63%)349 (63.6%)1.00------GA/GG170 (37%)200 (36.4%)1.02 (0.79--1.32)0.891392.11411.7RecessiveAA/GA433 (94.3%)528 (96.2%)1.00------GG26 (5.7%)21 (3.8%)1.46 (0.81--2.63)0.211390.51410.2OverdominantAA/GG315 (68.6%)370 (67.4%)1.00------GA144 (31.4%)179 (32.6%)0.94 (0.72--1.23)0.671391.91411.6*rs3020449*459549CodominantTT176 (38.3%)267 (48.6%)1.00------CT230 (50.1%)224 (40.8%)*1.58 (1.21*--*2.06)*------CC53 (11.6%)58 (10.6%)1.39 (0.91--2.11)*0.003*1382.51407.1DominantTT176 (38.3%)267 (48.6%)1.00------CT/CC283 (61.7%)282 (51.4%)*1.54 (1.20*--*1.98)8e−04\**1380.81400.5RecessiveTT/CT406 (88.5%)491 (89.4%)1.00------CC53 (11.6%)58 (10.6%)1.10 (0.74--1.64)0.641391.91411.5OverdominantTT/CC229 (49.9%)325 (59.2%)1.00------CT230 (50.1%)224 (40.8%)*1.48 (1.15*--*1.90)0.002*1382.81402.5The significant ORs and 95%CIs were presented in italic*OR* odds ratio, *95% CI* confidence interval, *AIC* Akaike's information criterion, *BIC* Bayesian information criterion\* *P*-value of best-fit model

FPRP analysis results {#Sec9}
---------------------

FPRP was adopted to assess the noteworthiness of the significant associations between the selected SNPs and BC risk. At the prior probability of 0.1 and FPRP cut-off value of 0.25, the associations between ESR2 rs3020449 and BC risk remained noteworthy in the three models (FPRP = 0.018, 0.016, and 0.034 respectively). In addition, the significant decrease of BC risk in carrier of ESR1 rs2881766 GG genotype was noteworthy (FPRP = 0.250 under GG vs.TT) (Table [4](#Tab4){ref-type="table"}).Table 4FPRP analysis for the significant associations of *ESR1* and *ESR2* SNPs with BC riskModelOR (95% CI)Prior probability0.250.10.010.001*ESR1 rs2881766*GG vs.TT0.63 (0.44--0.91)0.100\**0.250\**0.7860.974GG vs.TT/GT0.68 (0.49--0.95)0.118\*0.2860.8150.978*ESR2 rs3020449*CT vs.TT1.58 (1.21--2.06)0.006\**0.018\**0.170\*0.674CT/CC vs.TT1.54 (1.20--1.98)0.005\**0.016\**0.152\*0.644CT vs.TT/CC1.48 (1.15--1.90)0.011\**0.034\**0.2770.795The significant ORs and 95%CIs were presented in italic\* Noteworthiness at the 0.25 level of FPRP

Relationship of rs2881766 and rs3020449 with clinicopathological features of BC {#Sec10}
-------------------------------------------------------------------------------

We further explored the relationship of *ESR1* rs2881766 and *ESR2* rs3020449 with BC clinicopathological features. The results showed that the GG genotype of rs2881766 was negatively correlated with lymph node metastasis (GG vs.TT: OR = 0.47, 95% CI = 0.27--0.83; GG vs.TT/GT: OR = 0.54, 95% CI = 0.32--0.91) and ER+ status (GG vs.TT: OR = 0.52, 95% CI = 0.29--0.91; GG vs.TT/GT: OR = 0.53, 95% CI = 0.32--0.90) (Table [5](#Tab5){ref-type="table"}).Table 5The associations between *ESR1* rs2881766 and clinicopathological features of breast cancerVariablesGenotypeOR (95% CI)TTGTGGGG vs.TTGT vs.TTGT/GG vs.TTGG vs. TT/GT*Tumor size (cm)*\< 2557225≥ 2118146430.80 (0.45--1.44)0.95 (0.62--1.45)0.91 (0.61--1.36)0.83 (0.48--1.41)*LN metastasis*No608836Yes11313032*0.47 (0.27--0.83)*0.78 (0.52--1.19)0.69 (0.47--1.03)*0.54 (0.32--0.91)Histological grade*SBR 1--28911738SBR 384101300.84 (0.48--1.47)0.91 (0.61--1.36)0.90 (0.61--1.31)0.88 (0.52--1.48)*Venous invasion*None--little10614046Moderate-severe6778220.76 (0.42--1.37)0.88 (0.58--1.33)0.85 (0.58--1.26)0.81 (0.47--1.40)*ER*(−)719239(+)10212629*0.52 (0.29--0.91)*0.95 (0.64--1.43)0.82 (0.56--1.21)*0.53 (0.32--0.90)PR*(−)7510033(+)98118350.81 (0.46--1.42)0.90 (0.60--1.35)0.88 (0.60--1.29)0.86 (0.51--1.44)*Her-2*(−)12815547(+)4563211.27 (0.69--2.35)1.16 (0.74--1.81)1.18 (0.77--1.81)1.17 (0.67--2.05)*Ki--67 (%)*\< 1410914045≥ 146478230.87 (0.48--1.57)0.95 (0.63--1.44)0.93 (0.63--1.38)0.90 (0.52--1.54)The significant ORs and 95%CIs were presented in italic*LN* lymph node, *ER* estrogen receptor, *PR* progesterone receptor, *Her-2* human epidermal growth factor receptor 2, *SBR* Scarff, Bloom and Richardson tumor grade, *OR* odds ratio, *95% CI* confidence interval

The rs3020449 was related to a larger tumor size under heterozygous and dominant model (CT vs. TT: OR = 1.60, 95% CI = 1.06--2.43; CT/CC vs. TT: OR = 1.55, 95% CI = 1.05--2.31). In addition, the CC genotype **of** rs3020449 was associated with higher histological grade (CC vs. TT: OR = 1.90, 95% CI = 1.02--3.54) as well as ER positive status (CC vs. TT: OR = 2.16, 95% CI = 1.12--4.17; CC vs. TT/CT: OR = 1.96, 95% CI = 1.05--3.63) (Table [6](#Tab6){ref-type="table"}).Table 6The associations between *ESR2* rs3020449 and clinicopathological features of breast cancerVariablesGenotypeOR (95% CI)TTCTCCCC vs.TTCT vs.TTCT/CC vs.TTCC vs. TT/CT*Tumor size (cm)*\< 2696617≥ 2107164361.37 (0.71--2.62)*1.60 (1.06--2.43)1.55 (1.05--2.31)*1.057 (0.57--1.95)*LN metastasis*No749020Yes102140331.20 (0.64--2.25)1.13 (0.76--1.68)1.14 (0.78--1.67)1.12 (0.62--2.02)*Histological grade*SBR 1--210112122SBR 37510931*1.90 (1.02--3.54)*1.21 (0.82--1.80)1.32 (0.90--1.93)1.70 (0.95--3.04)*Venous invasion*None-little11414632Moderate-severe6284211.21 (0.64--2.27)1.06 (0.70--1.59)1.08 (0.73--1.61)1.17 (0.65--2.10)*ER*(−)8510116(+)9112937*2.16 (1.12--4.17)*1.19 (0.80--1.77)1.33 (0.91--1.94)*1.96 (1.05--3.63)PR*(−)8310223(+)93128301.16 (0.63--2.16)1.12 (0.76--1.66)1.13 (0.77--1.65)1.09 (0.61--1.94)*Her-2*(−)12017535(+)5655181.10 (0.57--2.11)0.67 (0.43--1.04)0.74 (0.49--1.13)1.37 (0.74--2.51)*Ki--67 (%)*\< 1411215329≥ 146477241.45 (0.78--2.70)0.88 (0.58--1.33)0.97 (0.66--1.44)1.56 (0.87--2.77)The significant ORs and 95%CIs were presented in italic*LN* axillary lymph node, *ER* estrogen receptor, *PR* progesterone receptor, *Her-2* human epidermal growth factor receptor 2, *SBR* Scarff, Bloom and Richardson tumor grade, *OR* odds ratio; *95% CI* confidence interval

Discussion {#Sec11}
==========

Genetic variation is an important risk factor for BC \[[@CR14]\]. Single nucleotide polymorphism is the most frequent variation in the genome. Genome-wide association study (GWAS) has identified numerous BC susceptibility loci in tumor-related genes such as *FGFR2, TOX3, TP53, PTEN, MAP3K1, c-MYC, LSP1,* and *CASP8* \[[@CR14], [@CR15]\]. Estrogen plays a critical role in the development of breast cancer \[[@CR4]\]. Its effect on the breast epithelium is mediated by ER. The two major forms of ER (ERα and ERβ) are encoded by two separate genes, *ESR1* located on Chr6 and *ESR2* located on Chr14. And genetic polymorphisms in these two genes were reported to associate with BC susceptibility, including the extensively studied SNPs such as rs2228480, rs3798577, rs2077647, rs2234693 in *ESR1* and rs4986938, rs1256049 in *ESR2* as well as less common SNPs such as rs3020314, rs1514348, rs1062577, rs1271572, rs1256054 and rs2987983 \[[@CR5]--[@CR8], [@CR16]--[@CR19]\].

In this study, we investigated the associations of BC risk with four SNPs in the estrogen receptor genes *ESR1* and *ESR2*. SNP rs2881766 is located in the promoter region of *ESR1*. This polymorphism was reported to increase BC risk in Korean women in a previously \[[@CR20]\]. However, another study conducted in Chinese population showed that the GG genotype of this SNP decreases BC risk in menarche \> 13-year-old while increases BC risk in menarche ≤ 13-year-old subgroup \[[@CR21]\]. Our results indicated that the carriers of rs2881766 GG genotype had a lower risk of BC compared with the TT and GT genotype carriers. The discrepancy between our results and previous studies may caused by different sample sizes and the effects of confounding factors such as age, ethnicity and environmental effects. Moreover, the GG genotype may be a protective factor of lymph node metastasis for BC patients. And patients with rs2881766 GG genotype are more likely to have less expression of ER. SNP rs9340799 and rs9383951 are located in the first and fifth intron of *ESR1* respectively \[[@CR8], [@CR22]\]. The association between rs9340799 (also known as Xbal) and BC risk has been evaluated in several studies before, but the conclusions were debatable. A few studies suggested this polymorphism can affect BC risk \[[@CR23]--[@CR25]\], whereas others did not find any relationship between this polymorphism and BC susceptibility \[[@CR8], [@CR18], [@CR26], [@CR27]\]. There is only one previous study of rs9383951and BC risk, but no significant association was found. Our study indicated that neither rs9340799 nor rs9383951 were related to BC risk, which is in line with most of previous studies. SNP rs3020449 is located in the promoter region of the *ESR2* gene \[[@CR7]\]. Two previous studies investigated the effect of this SNP on BC risk, but neither one observed significant association \[[@CR19], [@CR28]\]. In contrast, our results suggested that the CT genotype of rs3020449 increased the risk of BC. In addition, BC patients with CT genotype tend to have a larger tumor size compared with TT genotype carriers. Furthermore, patients with CC genotype may have a greater tumor grade and higher expression of ER.

FPRP analysis is an effective approach to verify the noteworthiness of significant findings. In this study, we adopted a relatively stringent cut-off value for FPRP. The FPRP value of the significant association between *ESR2* rs3020449 and BC risk was much lower than the threshold, suggesting that our findings of this SNP were noteworthy and authentic. The significant association of *ESR1* rs2881766 with BC risk was noteworthy only in homozygous model. But actually, FPRP value of significant association in another model was still quite small (\< 0.3). Hence, we believe our findings for this polymorphism were credible to some extent.

Conclusions {#Sec12}
===========

In conclusion, the current study suggests that the *ESR1* rs2881766 decreases BC risk while *ESR2* rs3020449 increases BC risk in Chinese women. Future large studies are required to validate these findings. The possible mechanisms underlying the associations also need to be explored.

Additional file
===============

 {#Sec13}

**Additional file 1. Table S1:** Primers used for the study. **Table S2**: Frequency distribution of clinicopathological features in breast cancer patients.
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